Abstract. This paper replaces the assumption of equal collision intervals used in ref.
INTRODUCTION
Scalar collision-sequence interference has received considerable theoretical and experimental attention, for which refs. [2, 3, 4] and references therein may be consulted. Ref. [5] is a good reference on collision-induced absorption phenomena in general.
The present work is a continuation of ref. [1] , in which a class of statisticalmechanical models for collision-sequence interference is studied. The key features of these models are:
1. the collisions are treated as instantaneous, as is appropriate for the study of collision-sequence interference effects at low densities; 2. for vector interference the dipole moment µ µ µ (t) induced in a single particle (molecule) is followed, as a time series; for scalar interference the scalar modulation µ (t) of the dipole moment is followed; 3. the dipole moment is taken to be proportional to the force; hence the integrated induced dipole moment µ µ µ k induced in a collision k of a collision sequence is proportional to the impulse f f f k imparted to the molecule in that collision; for scalar interference the integrated scalar modulation µ k of the dipole moment is taken to be proportional to the impulse f k ≡ | f f f k | for collision k; 4. the velocity of the particle is Maxwellian and is completely randomised in each collision: the persistence of velocity is zero.
In addition, in ref. [1] the times between successive collisions were all equal, which facilitated the use of discrete Fourier transforms. Because of the close relationship between the impulse and the velocity the various quantities which enter the final expressions for the spectra can be expressed as integrals over Gaussians and, in most instances, can be evaluated analytically. This analytical tractability is an important feature of the models, and is independent of the form of the distribution of collision times. A stochastic model of this type was first introduced in [6] . These models are not intended for detailed comparison with experiment, which indeed is not attempted, but rather to gain insight into the processes underlying the collision-sequence interference effects.
Assumption (3) above can be relaxed. Indeed, in ref. [1] it is shown that the vector interference effect can be calculated for an induced dipole moment of the form µ µ µ k = f f f k ∑ i a i f ν i k where ν I > −1 but is otherwise arbitrary. In ref.
[1] a previously unknown correlation among induced dipole amplitudes present in the scalar interference effect was identified.
In the present work the final assumption of ref. [1] , that of equal intervals between collisions, is replaced by the much more realistic assumption that the collision times form a Poisson process. In a real gas the collision times are not exactly Poissondistributed [7] but deviations from a Poisson process are small.
THE SPECTRUM
The scalar modulation of the dipole moment induced in the collision sequence of a single molecule (say of HD in He) is given by
where the collision times t k are from a Poisson process with collision frequencyν and A is the allowed transition moment. The Fourier transform a T (ω) of µ (t) over the finite interval [0, T ) is the sum of the pure allowed term a A,T (ω) = (A/ ω) e ι ωT − 1 and the pure induced term a I,T (ω) = ∑ t k ∈[0,T ) µ k e ι ωt k , where ω ≡ ω − ω 0 . The unaveraged periodogram is given by S T (ω) = (1/T ) |a T (ω)| 2 , which in the limit T → ∞ gives the spectrum S (ω). S T can be expressed as the sum of the pure allowed term S AA,T = (1/T ) a A,T 2 , a pure induced term S II,T = (1/T ) a I,T 2 , and a cross term S AI,T = (2/T ) Re a A,T a * I,T . The pure allowed contribution to the spectrum is S AA (ω) = lim T →∞ S AA,T can readily be shown to be given by
After much calculation, and use of the assumption of Poisson-distributed collision times, the pure induced spectrum is
In ref. [1] it was found that cov ( f k , f k+1 ) = 0 for the models under discussion. In fact, in three dimensions cov ( f k , f k+1 ) = 0.21502; and this is independent of the form of the distribution of collision times used. According to assumption (3) above, µ k ∝ f k . Hence eq. (3) predicts that, in addition to the constant background varµ + | µ | 2 , which becomes the observed broad peak for collisions which are not instantaneous, and the sharp interference peak 2πν | µ | 2 δ ( ω), there is a positive feature with Lorentzian shape and HWHM ofν and maximum given by 2cov µ k , µ * k+1 . The existence of a correlation between f k and f k+1 is not model-dependent: if collision k is unusually strong, then f k will tend to be relatively large; the velocity will tend to be large, and so the next collision k + 1 will on average tend to slow the particle again, and will also be relatively large.
The cross spectrum S AI (ω) can be calculated in the same way as the pure induced spectrum S II (ω), and is found to be
